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Abstract 
The research identifies principles that should be adhered to when designing multimedia training material and validates 
these principles from a students and an instructor’s perspective. The most effective forms of multimedia are also 
identified. Finally, the factors inhibiting the use of multimedia are established and the measures taken to overcome these 
are discussed. Data was collected from stakeholders in a computer aided design (CAD) training environment in Ireland. 
All subjects were adult learners and data was only solicited from instructors (n=28) and learners (n=159) in adult 
education. Mixed methods including interviews, surveys and a group discussion were used to collect the qualitative data 
while a series of empirical experiments was used to test the design principles. The research found that principles of 
multimedia learning are valid from the students’ perspective however the instructors did not uphold all the principles. Our 
sample revealed that computer based material is the most popular and effective way to learn from and computer 
technology is the most effective delivery platform. Prohibitive costs, perceived lack of skill and insufficient support are 
factors inhibiting the use of multimedia material. These findings will help to guide the instructor in implementing a 
multimedia training strategy in order to create a more engaging and interactive learning experience. 
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1. Introduction  
Advances in computer and information technology, changing student requirements coupled with a need for 
modern teaching techniques all act as drivers towards the proliferation of high quality multimedia training 
material. Consequently we are witnessing a paradigm shift in the way training courses are designed and 
delivered. More and more instructors are integrating multimedia into their suite of offerings in the learning 
environment.  However existing research on the principles of learning by multimedia material is inconclusive 
and does not determine how multimedia works or which environments are best suited to this media. It is 
unclear from existing research if the introduction of multimedia material enhances the learning experience or 
improves student performance. It is now becoming increasingly apparent that these issues must be addressed.  
The paper explores empirically established learning principles, such as those outlined in the cognitive 
theory of multimedia learning and applies them to the computer integrated design (CAD) training environment 
this context lends itself well to the use of multimedia in training. We test the validity of best practice design 
principles from a teachers and a students’ perspective. We analyze the development and delivery tools that are 
available and determine which formats students and instructors prefer to use. In addition we identify the 
barriers that exist regarding the use of multimedia technology. The research only solicits information from 
informants that have participated on CAD courses. All participants in the research are either adult learners or 
instructors in adult education environment. The nature of this study is clearly multifaceted; (a) exploratory to 
set the scene and determine the significant issues that arise, (b) descriptive to establish facts and principles and 
(c) analytical to determine the variables and relationships that arise. As a result of this many research designs 
are used to collect data including interviews; group discussions; surveys and empirical tests.  
The research is important for many reasons. It analyses the issues that must be addressed when considering 
the introduction of multimedia into the training environment. The findings inform the teacher or course 
designer about the best available tools that offer value to the teacher and student. Consideration of these 
principles can help form the basis of an implementation strategy for the use of multimedia technology and an 
alignment between best practice and stakeholder requirements. It can also aid in creating a set of design rules 
to guide the teacher in the development of a multimedia training toolkit. The remainder of the paper is 
organized as follows. First a discussion on the concept of multimedia and the principles of multimedia 
learning is synthesized and presented. Second the research approach employed in this study is outlined. Third, 
the findings from the analysis are presented and discussed. The paper concludes with a summary of the study, 
a series of recommendations and suggestions for future work. 
2. The principles of multimedia learning  
Computer-aided design (CAD) is the use of computer systems to assist in the generation, modification, or 
optimization of a design [1]. CAD systems allow engineers to manipulate information, such as the type of 
materials, design processes, product dimensions, and tolerances. Increasingly, instructors who teach the 
principles of CAD have turned their attention to using multimedia techniques to provide students with high 
quality representations of these principles and models. According to Cavanaugh [2] multimedia can be defined 
as ‘computer-mediated information that is presented concurrently in more than one medium’. Simply put the 
term refers to the presence of both visual and verbal material [3]. Visual material may comprise static 
elements such as models and images or dynamic, graphical elements that represent real-world phenomena 
while verbal material may comprise both printed and spoken words [4]. Effective multimedia design is lauded 
to enhance cognitive process and increase the learner’s ability to absorb and assimilate material [5]. Well-
designed multimedia can also create an experience that is both engaging and instructive.  According to Issa et 
al., 2013 [4] effective designs ‘help learners attend to relevant information, organize it into a coherent mental 
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representation, and integrate it with prior knowledge’. However research also indicates that poorly designed 
material has a negative impact as too much information can overwhelm and confuse the learner [6]. 
People have the ability to integrate information from different sensory modalities such as the eye; ear and 
nose to create a meaningful experience. Therefore, the instructional designer is faced with the need to choose 
between several combinations of modes and modalities to promote meaningful learning [7]. Mayer [8] has 
conducted extensive research in this area. His research has identified specific principles for designing learning 
material. Previous studies have found that these principles can improve learner retention (i.e. the ability to 
remember what was presented) and learner transfer (i.e. the ability to apply what was learned to solve 
problems) [9] [10]. These principles are now discussed in more detail. 
2.1. Generative Learning Principle  
Mayer [8] developed a multimedia principle that concludes that students learn more from a combination of 
words and pictures than from words alone. Yilmaz-Soylu and Akkoyunlu studies [11] support this principle 
and refer to it ‘the generative theory of multimedia learning’.  Here relevant graphics should be included to 
supplement written text to improve learning. The theoretical rationale for this is that when presented with both 
words and pictures students are able to construct verbal and pictorial models and make connections between 
them. If words are used alone a verbal model is built up as the students read the text but they are less likely to 
make the same connections limiting the learning. Empirical data shows that students who received a 
combination of text and pictures did better in retention tests than those who received only text or pictures [8]. 
In addition it was found that students also did better on transfer tests when information was received in 
combination.  
2.2. Spatial Contiguity Principle  
The second principle that Mayer [8] proposes is known as the spatial contiguity principle and it states that 
students learn better when words and pictures are presented near to each other on a page or screen. The 
rationale given for this principle is that learners do not have to exert effort in searching for the information 
thus reducing the load on the individuals working memory. According to Mandernach [12]  students ‘limited 
working memory is reserved for learning content rather than coordinating various visual components’ In 
retention tests students achieved a 42% improvement in performance when presented with text and pictures 
placed near to each other rather than apart. This improvement was also evident in transfer tests where students 
achieved a much higher score with 68% of students improving their performance [10].  
2.3. Temporal Contiguity Principle  
The temporal contiguity principle suggests that students learn more effectively when words and pictures 
are presented together rather than in succession. Yue et al., [13] also concluded that visual elements should be 
‘synchronized with corresponding narration’ Empirical data in Mayer’s research suggests that although there 
is no improvement in retention tests there is an improvement in transfer tests with 60% of students achieving 
improvement in performance[8].  
2.4. Coherence Principle  
The coherence principle states that unnecessary verbal or visual information should be eliminated because 
they tempt the learner to focus on the irrelevant information at the expense of the critical information. 
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According to Mandernach ‘unnecessary information impedes learning by interfering with the integration of 
information.’ [12] When pointless information is included students are required to organize the material. In 
other words, learners’ attention is diverted away from the main theme which can result in a lower 
performance in retention and transfer tests. There is substantial evidence to suggest that irrelevant information 
impairs learning [14] [15]. In light of this only educationally relevant pictorial and verbal information should 
be included.  
2.5. Modality Principles  
This principle states that words should be put in spoken form rather than in printed form when a graphic or 
image is the primary focus of the lesson. According to Yue et al., [13], the rationale for this principle rests in 
the ‘dual coding theory’. Dual-coding theory proposes that both visual and verbal information is used to 
represent information in a learner’s mind [16] and students’ process information in both visual and verbal 
channels simultaneously. If the learner uses his or her visual channel to process any images or animations, 
presenting on-screen text to convey verbal information merely divides the learner’s visual attention and 
reduces the efficacy of the lesson. In light of this, only key words should be placed on the screen to maintain 
the focus of the lesson on the diagram. Mayer and Moreno's [17] study showed that students who learn with 
concurrent narration and animations outperform those who learn with concurrent on-screen text and 
animations.  
2.6. Redundancy Principle  
According to cognitive processing theory learners can only process a small amount of information. Too 
much information or information that is not clearly presented, or relevant, may lead to cognitive overload 
which has a negative impact on learning [18]. Mayer [8] states that people learn better from animation and 
narration than from animation, narration, and on on-screen text. In this view learning is diminished if 
animation, narration and on screen text are used together because the learners working memory is overloaded 
and he or she cannot cope with this [12]. In light of this designers should ensure that on-screen text does not 
duplicate narration. 
2.7. Personalization Principle 
The personalization principle suggests that designers should promote a deeper engagement with learners 
and so they should aim to create learning material that students can relate to. Strategies to do this include 
using conversational language rather than a more formal style; use effective on screen coaches or avatars and  
finally they can try to make the author visible to promote learning. Research found that learners learn better 
when the content is conversational, without being overly friendly, rather than when it is delivered with a 
formal approach [19]. Studies by Moreno [20] suggest that students prefer to learn from multimedia material 
that is prepared by the instructor, claiming that this strengthens the familiarization effect between the two 
parties. Reeves and Nass [21] state that student’s motivation is improved and they work much harder to 
understand material when they are engaged in the ‘social interaction effect’ of using personalized material. 
3. Research Method 
The research approach in this study can be described as multifaceted. First we aim to test and validate 
design principles that should be adhered to when designing multimedia material. Second we aim to determine 
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the most effective forms of multimedia and finally, we aim to uncover what are the barriers to implementing 
multimedia.  Data was collected from both instructors (n=28) and (n=159) students in a computer aided 
design (CAD) training environment in Ireland. Purposive or judgmental sampling was used in combination 
with non-random sampling in order to identify participants with deep insight into the area multimedia in 
(CAD) training.  All stakeholders operated in the sphere of adult education only. Only experienced instructors 
were included in the sample frame. Students who have not completed CAD courses were excluded from the 
research. Participation in the research was voluntary and individual responses are strictly confidential. Mixed 
methods were used to collect data in order to enhance triangulation. Semi-structured interviews allowed a 
deep insight to be gained into current practices and process. Surveys allowed us to empirically measure 
opinions, practices and results. Experiments were used to test each of the design principles. Here students 
were given a bundle of multimedia material in a range of formats that were delivered in a variety of ways so 
that key design principles could be tested. Templates ensured that the research protocol was consistent and all 
interviews were recorded.  Interviews were written up within 24 hours and the reports were sent back to the 
respondents for review. Clarifications and amendments were made where necessary. This activity verified the 
accuracy of the technique and increased the reliability of the study. Quantitative data was analyzed using 
SPSSx and excel. A chain of evidence was maintained to ensure that logical relationship existed between 
goals of the research, the protocol used, the raw data, and the conclusions drawn from results. Consequently 
we can be reasonably confident that an objective researcher following the same process would arrive at the 
same or similar conclusions. 
4. Findings 
4.1. Principles of Multimedia Learning  
The validity of the principles of multimedia learning are analyzed to ascertain if the responses from 
students and instructors match the ideas put forward in the literature. Students found all the principles to be 
valid. However our results reveal that instructors are unsure about some of the principles, notably the two 
principles of modality, the personalization principle and the redundancy principle.  
• Principle of generative learning theory: This principle states that students learn better when presented with 
a combination of words and pictures than from words or pictures alone. Both the students and instructors 
agree that this principle is valid. Therefore when developing multimedia material both words and pictures 
should be included in any presentation.  
• Principle of Spatial Contiguity: This principle states that students learn better when words and pictures are 
presented near to each other rather than being placed apart. Both the students and instructors found this 
principle to be valid. When developing multimedia material, words and pictures should be placed near to 
each other.  
• Principle of Temporal Contiguity: This principle suggests that students learn better when words and 
pictures are presented together rather than in succession. The student sample in our study found this 
principle to be valid. However the instructors were not as convinced as the students with many unsure of 
the principle. When developing multimedia material the words and pictures should be placed together in 
accordance with the best practice procedure proposed by this principle. 
• Principle of Coherence: This principle states that learning is reduced when irrelevant words and pictures 
are introduced. While both the students and instructors found this principle to valid a large number of 
instructors were unsure about the validity of the principle. Overall our finding suggests that irrelevant 
words and pictures should be excluded when developing multimedia material.  
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• The Modality Principle 1: The first principle of modality states that when animation and narration are used 
together the student’s learning is enhanced compared to when animation is used alone. This principle is 
based on results from retention and transfer tests that show a higher performance when the two are 
combined together. Both the students and instructors in our study found this principle to be valid.  While it 
is easier to dub screen capture videos rather than adding narration as a screen capture these results suggest 
that when developing videos the narration should be recorded as well. When choosing videos from third 
parties, instructors should ensure that they contain sound and the student has a means of playing back the 
sound.   
• The Modality Principle 2: A second modality principle states that the combination of animation and 
narration is superior to a combination of animation and text. The rationale behind this principle is that the 
presentation of animation and on screen text together overloads the visual channel while the use of 
narration spreads the workload between both the auditory and visual channels. Our study upholds this 
principle.  
• The Redundancy Principle: Mayer [8] states that if animation, narration and on screen text are used 
together learning is diminished. The majority of students in our study found this principle to be valid. The 
majority of instructors in contrast found the principle to be either invalid or they were unsure. Previous 
studies found that concentrating on video, narration and text at the same time overloads the visual channel 
and auditory channels [12]. This would also overload the working memory according to Pavio [21]. When 
developing videos, these combinations should be avoided unless the student can control what appears and 
choose which functions to use. For example they may want to turn the text off if it does not suit them.  
• The Principal of Personalization: Moreno [19] states that students prefer to learn from multimedia material 
that is prepared by the instructor. Reeves and Nass [20] state that student’s motivation is improved and 
they work much harder to understand material when they are using personalized material. The students in 
our study believed that their learning was enhanced when digital videos were prepared by the instructor. 
This effect can be attributed to more focused material being used. However, we found that the majority of 
instructors found the principle to be either invalid or they were unsure.  
4.2. Multimedia Formats 
This section discusses the forms of multimedia material that are effective as a learning aid and identifies 
which forms students prefer to use.  Practical projects and instructor demonstrations are considered to be the 
most effective learning aid by both students and instructors in our study. Digital formats are considered more 
effective than paper based material by both students and instructors. Students prefer to receive content in 
digital format more than any other medium.  The research results show that paper hand-outs and books are the 
least effective media form and students least preferred options.  
Slide presentations are not popular with either students or instructors. Our results show and this may be 
attributed to the lack of practical input from the student.  Digital videos were considered to be the most 
effective form of digital media especially when they include narration and are prepared by the instructor as in 
accordance with the best practice procedures of the modality and personalization principles of multimedia 
learning.  
4.3. Multimedia Delivery Tools 
Material can be delivered to the students in many ways. Paper based material can be physically handed to 
the students. Material can be emailed to students; downloaded directly from a website or learning 
management system or it can be copied to a disc or USB drive and handed to the students. Our study revealed 
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that students prefer material to be emailed to them. They also prefer to download material from a dedicated 
website when learning CAD rather than using an online learning management system. Instructors found 
websites and online learning systems to be the most effective tools to use to deliver material indicating a 
move towards the use of computer based learning aids as suggested in the literature. Interestingly our study 
found that both students and instructors did not consider social networking platforms to be beneficial. This 
was surprising considering the growth in this technology in recent years. 
4.4. Factors inhibiting and promoting the use of multimedia material  
The research identified cost, lack of skills and the instructor development time required as the major 
inhibitors to the use of multimedia material. These findings correspond to the issues highlighted in the 
literature. Resistance to change, lack of available materials, slow internet speeds and a reluctance to recognize 
the increased work load are also significant factors that inhibit the implementation of multimedia material. 
5. Conclusions 
5.1. Summary of findings 
Multimedia material is generally defined as the use of a combination of media forms, such as pictures and 
words, or animation and sound. These combinations can include as many forms as possible but must contain 
at least two to be called multimedia. A set of learning principles apply to the use of multimedia material and 
these should be considered to ensure that best practice procedure is followed. These principles may be 
coupled with the instructor and student requirements to determine a set of design goals to refer to before 
proceeding with the introduction of multimedia material into the training environment.  
We found that words and pictures placed close to each other on a page are more effective than when 
presented alone, away from each other or sequentially. We found that irrelevant information should be 
excluded from presentations. These design rules apply to all notes whether paper or computer based. These 
findings are consistent with the generative theory of learning, the spatial and temporal contiguity principles 
and are also in line with the coherence principle. We learned that videos should contain narration and should 
avoid the use of text unless the student can control its visibility. We found that a combination of animation 
and narration is superior to a combination of animation and text. These design rules are consistent with the 
modality principles identified in the literature. Videos and narration should be prepared by the instructor as 
students appreciate the input and effort and are more motivated to study if this design rule is applied. This 
personalization principle applies to any type of multimedia material. Too much material, excessive 
combinations of media and the inclusion of irrelevant material should be avoided where possible. This finding 
supports the redundancy principle.  
While there are many forms of multimedia material available such as presentation slides, videos, online 
tutorials and interactive web pages; we found that the most effective forms of multimedia material are 
computer based. Students prefer to use e-books rather than printed books. Online courseware is superior to 
paper copies and students prefer it if the instructor has prepared the material. Computer networks, learning 
management systems and individual tutor prepared websites are currently the main platforms of delivery and 
preferred by both students and instructors. One anomaly that does occur is students prefer to have material 
emailed to them directly which instructors do not favor. Instructors on the other hand prefer using learning 
management systems. Our study found that social networking platforms are not considered beneficial by 
either students or instructors. Many factors inhibit the use of multimedia material in the training environment 
and these include a lack of finance, lack of time and insufficient resources and skills.  
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While the focus of this study is on multimedia use in a CAD training environment for adult learners it 
seems that these findings can be applied to the wide environment and are relevant to many types of courses. 
The lessons learned in this research can also be applied to all levels of education and all age groups and not 
just confined to adult education.  
5.2. Recommendations  
• The principles of multimedia material should be referred to when developing multimedia material. 
Designers and instructors should familiarize themselves with these principles.  
• New technologies should be examined by instructors and tested in their training environment to determine 
if they are effective.  
• Instructors should obtain training in multimedia development and delivery tools as the research identifies 
this as a major inhibitor to the use of multimedia technology.  
• Learning management systems should be considered as a hosting platform for multimedia material. 
Students and instructors find these tools very effective and appreciate the single portal approach according 
to the research data.  
• Training center managers should develop an implementation strategy allocating resources to the 
implementation of multimedia technology.  
• Freeware programs should be used in circumstances where funds are not available as the research shows 
the cost of software is a major factor inhibiting the introduction of multimedia technology.  
5.3. Future research  
This research opens up avenues for future research projects. The effect that individual differences have on 
the efficiency of using multimedia learning material needs to be determined. Individuals have different 
characteristics and these should be taken into account when developing multimedia training material. Age, 
gender, past experience and social differences may all affect perceptions and efficiency of multimedia 
material. Future research studies should also empirically examine the effects that individual learning styles 
have on the student preferences in multimedia. Finally there is a need for further research in the relationships 
between the use of verbal and visual communication, in the use of interactivity functions of multimedia and 
the role of assessment in the process.  
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